Background/Aim: To test the short-term clinical usefulness of venesection associated with lifestyle counselling as against counselling alone on insulin resistance and liver enzymes in subjects with non-alcoholic fatty liver disease (NAFLD), using a propensity score approach. Methods: We carried out a 6-to 8-month observational analysis of 198 NAFLD patients in three Italian referral centres (79 venesection and 119 counselling alone). Insulin resistance was measured by the homeostasis model assessment (HOMA) method. Logistic regression was used to identify factors associated with normal HOMA and normal alanine aminotransferase (ALT) at the end of observation. The results were adjusted for the propensity score to be enrolled in the venesection programme, based on clinical and laboratory data, including common HFE polymorphisms and liver biopsy (available in 161 cases).
Introduction
Non-alcoholic fatty liver disease (NAFLD) represents the leading cause of raised liver enzymes in the USA and in Western countries, affecting up to one-third of the population. 1, 2 The disease, characterized by hepatic insulin resistance, 3, 4 is potentially progressive to cirrhosis and ultimately to hepatocarcinoma. [5] [6] [7] A diagnosis of NAFLD carries an increased risk of both liver-related as well as cardiovascular mortality, in relation to the associated features of the metabolic syndrome, especially in patients with non-alcoholic steatohepatitis (NASH). 3, 4, 8 Although weight-reducing diets and exercise have proved beneficial, 9 ,10 a remarkable proportion of patients maintain higher-than-normal liver enzymes and insulin resistance despite recommendations aimed at lifestyle changes and pharmacological therapy with insulin sensitizing agents. 11 The role of altered liver enzymes as markers of disease severity is uncertain. Advanced disease may also be observed in subjects with normal enzymes, 12, 13 and high alanine and aspartate aminotransferases (ALT and AST) do not predict disease progression, 14 but treatment-induced histological improvement is systematically associated with reduced aminotransferase levels, which remain a surrogate marker for both patients and physicians.
Hyperferritinemia with normal transferrin saturation is observed in a variable proportion of NAFLD cases, depending on the clinical setting. It has been associated with oxidative stress and mild hepatic iron overload, [15] [16] [17] sometimes in the presence of common mutations of the C282Y and H63D polymorphisms of the HFE gene associated with hereditary haemochromatosis. 18 Increased iron stores have been associated with an altered adipokine profile and insulin resistance in humans, 19, 20 and increased liver iron may induce hepatic insulin resistance. 18, 21 Finally, in Caucasian patients with NAFLD, hyperferritinemia has been associated with progressive liver damage, while the role of HFE mutations in severe liver fibrosis is still controversial. [22] [23] [24] In the hypothesis that increased iron stores may play a role in the pathogenesis of insulin resistance and liver damage by increasing oxidative stress, 25 a few studies have evaluated the effect of iron depletion on metabolic parameters. Venesection was well tolerated, 26 and was reported to improve insulin resistance and liver enzymes in a small number of NAFLD patients without iron overload and either impaired 27 or normal 28 glucose tolerance. In a case-control study, we have recently reported that iron depletion by venesection improved insulin resistance in patients with NAFLD to a higher extent than lifestyle changes alone. 17 However, the study was non-randomized and was flawed by several biases. First, the venesection group included subjects with more severe disease and iron overload; secondly, histological data were only available in a limited number of cases. In summary, we failed to demonstrate any effect of venesection on liver enzymes.
In the present report we tested the short-term clinical usefulness of venesection in a much larger series of NAFLD subjects by comparing subjects entering a venesection programme with patients on continuous treatment by lifestyle changes alone, using a propensity score approach. 29 The analysis confirms that iron depletion improves both serum aminotransferases and insulin resistance, independent of baseline characteristics, including the severity of liver histology, and the weight-reducing effect of nutritional counselling.
Methods

Study participants
We report the data collected in 198 patients with NAFLD observed by three Italian centres in the course of an 18-month period, using a common study protocol. The centres are tertiary referral centres for large areas of the country; therefore patients should not be considered as fully representative of the general NAFLD population. Their clinical and biochemical characteristics are reported in Table 1 . We included all cases with bright liver at ultrasonography, associated with chronically elevated or fluctuating aminotransferases and gammaglutamyltransferase (GGT) levels. Hyperferritinemia (>350 ng/ml) was present in 100 cases, transferrin saturation >55% in 16 (all but one with elevated ferritin concentrations). Exclusion criteria were the evidence of liver disease of different aetiology (based on a large screening for hepatitis B and C virus, autoimmune disease, celiac disease, a 1 -antitripsin deficiency, Wilson's disease) and alcohol consumption >20 g/day (after checking with relatives). Subjects with overt diabetes (treated with either hypoglycaemic agents or insulin) and cases with hereditary familial haemochromatosis (HFE) (homozygosity for the C282Y HFE polymorphism) were also excluded from the analysis, as were 13 cases with missing HFE gene analysis. Subjects who normalized their liver enzyme levels within 3 months following counselling for nutrition and physical exercise were also excluded.
Anthropometric, clinical and laboratory variables
All cases underwent an anthropometric assessment (body mass index, BMI) and an evaluation of the features of the metabolic syndrome. An oral glucose tolerance test was also performed in all cases. Finally, a liver biopsy was available in 161 patients (54 in the venesection group-see below-107 in counselling), and 63 cases (18 in venesection and 45 in counselling) were classified as definite NASH according to the recent proposal of the NASH Clinical Research Network. 30 Liver biopsy was usually carried out in the presence of a long-standing elevation of ALT, but also the severity both of the other biochemical tests and of the ultrasonographic assessment was considered.
In all cases insulin resistance at baseline and at study end was determined by the homeostasis model assessment (HOMA), according to Matthews et al. 31 In our setting, a HOMA index of insulin resistance (HOMA-R) value >2.7 is indicative of insulin resistance. 32 This value represents the cut-off of the upper quartile of a control population. The upper limit of ALT levels in our laboratories is set at 40 U/l, but a sensitivity analysis was also carried out using the recently-proposed updated definitions of healthy ranges for serum ALT levels ( 30 IU/l in men and 19 U/l in women). 33 
Protocol
At first visit, all subjects were given counselling for healthier food intake, eating habits and physical activity. After 3 months, according to physicians' judgment, a few of them were also invited to enter an iron depletion programme based on repeated venesection. This visit was considered the starting point of our observation study. The indication for the venesection programme was based on liver tests, iron store parameters, HFE gene polymorphisms and histology data. According to our protocol, all cases with elevated iron indices should be counselled venesection, but the decision was discussed with the patients and the final allocation was also related to motivation, education and job constraints. In the venesection arm, iron removal was carried out to near iron-deficiency by weekly or fortnightly phlebotomy (350 cc of blood, according to baseline haemoglobin values and tolerance), until ferritin was <80 ng/ml in the presence of normal or low transferrin saturation. Maintenance phlebotomy (as many as required) was then instituted to keep iron stores depleted (ferritin <100 ng/ml and transferrin saturation 35%).
All patients underwent a follow-up examination 6-8 months after enrolment (!3 months after the end of the venesection programme), when anthropometric measurements and liver function tests were repeated. During the observation period, independent of venesection, all subjects attended the Liver Units for educational sessions on lifestyle (either individually or as group sessions, in accordance with in-house procedures) and for regular monitoring of their calorie intake and body weight.
The primary outcomes of the study were the effects of venesection on ALT levels and insulin resistance. In particular, we aimed to test the prevalence of normal ALT and normal HOMA-R index at the end of a pre-defined period, including a treatment period and a 3-to 4-month maintenance follow-up. The study protocol was submitted to the senior staff committee of individual Departments for approval. The committees are equivalent to Institutional Review Boards and are qualified for the approval of observational analyses.
Statistical analysis
Sample size
According to our previous experience, $40% of cases normalize liver enzymes by appropriate lifestyle changes. To be meaningful for clinical purposes, we considered that venesection could increase the probability of normalizing liver enzymes by 50% (60% of cases). Accordingly, 60 cases per group were needed, considering an a error of 0.05 and a b error of 0.2. This number of cases with liver biopsy could only be obtained by merging three independent databases, derived from Centres operating with a liver biopsy rate of 70-80%.
Calculations
The three databases were merged in a single database, and the very few missing continuous values (<5% in any column) were replaced by median values. A descriptive analysis was initially carried out on the two groups treated by venesection or by the sole counselling [median and 95% confidence interval (CI) or interquartile range (IQR) for data not following a normal distribution and prevalence of nominal conditions]. Differences between groups were then tested by parametric or nonparametric methods, as appropriate. Multivariate logistic regression analysis was then used to identify factors associated with outcome measures. To adjust data for the likely selection bias of venesection in subjects with different disease severity, HFE gene polymorphisms and/or iron stores, we calculated the estimated propensity score by a separate logistic regression analysis. The propensity score is the probability for a randomly chosen patient to be assigned to a specific treatment, in this case venesection superimposed to nutritional counselling, based on differences in clinical and biochemical variables at baseline, compared to subjects given nutritional counselling alone. It does not only define the conditional probability to be assigned to a specific treatment given the individual characteristics considered by physician but it also includes the probability to accept the proposal suggested by physicians. As it is recommended that covariates be introduced generously into the propensity score model, we included a large number of covariates independently of the significance threshold or other selection criteria. 29, [34] [35] [36] The following baseline variables were considered: age, gender, BMI, ALT, iron and ferritin levels, transferrin saturation, fasting glucose and HOMA-R, the presence of the metabolic syndrome and HFE mutations. The presence of HFE polymorphisms was transformed into a scoring system with 0 representing wild-type, 1 = heterozygous H63D, 2 = homozygous H63D or heterozygous C282Y, 3 = compound heterozygosity. In a second step, also the presence of definite NASH at histology 30 was added as independent variable. The propensity scores calculated as above were then used to adjust for baseline values in logistics regression analysis in two different models, having normal ALT levels and normal HOMA-R as dependent variables.
Furthermore, we checked the validity of our model testing the association between treatment group and target ALT in a subset of matched cases. For this purpose, the whole database was ordered for propensity score, and each subject treated by venesection was pair-matched with a case treated by counselling alone. For matching, only the five cases preceding or following the index case in the list were considered. Using this criterion, we could match 57 cases treated by venesection with corresponding cases treated by counselling alone. Subsequently, the association of venesection with treatment outcomes was reassessed by logistic regression, after adjustment for propensity.
Finally, we checked the usefulness of venesection in a post-hoc analysis of cases with normal transferrin saturation (<55%) and normal ferritin levels (<350 ng/ml).
Data in the text and in tables are given as mean AE standard deviation (SD), if not otherwise specified. P-values <0.05 were considered statistically significant.
Results
On average, our population was largely characterized by overweight (56% of total cases; 58% in the venesection group, 55% in counselling), whereas obesity was present in only 14 and 19% of cases, respectively (P for weight class distribution = 0.608). The venesection group was further characterized by higher transferrin saturation and ferritin levels, higher insulin and insulin resistance (HOMA-R) and lower HDL-cholesterol, as well as by higher prevalence of HFE polymorphisms.
At the end of the study period, the median amount of iron removed by venesection was 1.96 g (IQR: 2.09), and both transferrin saturation and ferritin levels were significantly reduced ( Table 2 ). In addition, venesection was more effective in reducing insulin levels and insulin resistance, without differences in glucose levels, whereas counselling alone promoted a larger weight loss. No differences in mean lipid and liver enzyme levels were observed between groups. At the end of follow-up, 67/79 cases in the venesection group had ALT values <40 U/l (85%) vs. 75/119 in counselling (63%; P = 0.001). The number of cases with HOMA-R <2.7 were 50/79 (63%) and 56/119 (47%), respectively (P = 0.029).
The median propensity scores were 0.443 (IQR, 0.350) and 0.309 (0.211) in subjects included in the venesection and counselling group, respectively. The corresponding values, recalculated in the subsets with liver biopsy were 0.374 (0.260) and 0.279 (0.171), respectively.
At univariate analysis (Table 3) , age, enzyme levels, the presence of NASH at histology and venesection were associated with ALT within normal limits at the end of the observation period, whereas the correction of insulin resistance was negatively associated with age, BMI, fasting glucose, insulin and HOMA-R, high triglycerides and aminotransferases, and the presence of the metabolic syndrome. The data did not change systematically when the lower cut-offs of ALT were used as the dependent variable (not reported in detail).
After adjustment for propensity and changes in BMI, venesection was significantly associated with normal HOMA [all cases: odds ratio (OR) 3.00; 95% CI 1.51-5.97; P = 0.017; cases with histology: OR 2.29; 95% CI 1.08-4.87; P = 0.031), and with ALT within normal limits (all cases: OR 2.56; 95% CI 1.29-5.10; P = 0.007; cases with histology: OR 2.81; 95% CI 1.20-5.24; P = 0.015). When the analysis was repeated using the updated definitions of healthy ALT cut-offs of 30 U/l for males and 19 U/l for females, 33 venesection was again systematically associated with ALT normalization (all cases: OR 2.50; 95% CI 1.20-5.23; P = 0.015; cases with histology: OR 2.77; 95% CI 1.19-6.45; P = 0.018).
The results were further confirmed in the analysis of 57 NAFLD pairs, matched for propensity score at baseline with subjects treated by counselling alone (propensity scores: venesection, 0.399 AE 0.158; counselling, 0.402 AE 0.166). In these subjects, venesection increased by over three times the probability of normal HOMA (OR 3.27; 95% CI 1.16-7.84; P = 0.008), and by over five times the probability to have normal ALT at follow-up (OR 5.60; 95% CI 2.09-15.00; P < 0.001).
In the post-hoc analysis of subjects with normal ferritin and normal transferrin saturation (n = 97, venesection was again associated with a higher probability of normal HOMA (OR 3.42; 95% CI 1.02-9.05; P = 0.045) and normal ALT (OR 3.85; 95% CI 1.31-11.28; P = 0.014) at follow-up. The beneficial effects on ALT were maintained in subjects where liver biopsy was available (OR 5.20; 95% CI 1.51-17.94; P < 0.001).
Discussion
In the short-term, adding venesection to counselling of healthy food intake and physical activity Data are presented as differences between the end-of-observation values and baseline (mean AE SD). *Differences between groups, time X treatment ANOVA.
produces a significant improvement on biochemical tests in patients with NAFLD who have not responded to a brief period of counselling alone. Iron depletion was associated with a greater reduction of insulin levels and insulin resistance, and a higher percentage of iron-depleted subjects had normal liver enzymes, compared with lifestyle modifications alone. The benefits of venesection were independent of the baseline characteristics of the patients, including the presence of NASH, as well as of changes in BMI favoured by nutritional counselling. The study expands the results of a much smaller case-control study, where venesection had demonstrated a significant effect on insulin resistance, but had unexpectedly failed to improve liver enzymes significantly as compared to counselling alone. 17 The present analysis is based on a totally different approach-the use of the propensity score-and on a much larger cohort in subjects who did not respond to a 3-month counselling approach. These patients are frequently observed in referral centres for suspected liver disease of metabolic origin and long-standing bright liver at ultrasounds, where subjects with primary NAFLD mix up with subjects with hereditary haemochromatosis. The large majority had chronically-elevated or fluctuating liver enzyme levels, or had biochemical evidence of non-haemochromatosis-related iron accumulation as most patients had increased ferritin in the presence of normal transferrin saturation, particularly in the venesection group, which might generate a bias in outcome assessment. We addressed this bias by means of a propensity score approach at multivariate analysis, a method to adjust groups for a variety of confounders and keep the selection bias to a minimum in this type of study, thus increasing external validity. 29, 36 This approach is particularly useful in chronic diseases related to unhealthy behaviours, where the acceptance of any proposed therapy also depends on conditions on patients' side, difficult to consider by random allocation and responsible for a higher attrition rate in randomized studies. 37 After adjustment for propensity, venesection was still associated with a much higher probability of treatment effects at follow-up.
In clinical practice, the selection of appropriate treatment, both by physicians' and patients' side, is frequently based on very tiny differences, and the modes of care cannot be easily standardized. We checked the validity of our model by testing the association between treatment group assignment and outcome in a subset of cases matched for propensity score. The data confirmed that iron depletion was associated with a much better outcome also in subjects with baseline histology, possibly reflecting a selected category with more severe clinical picture. This was also the case of patients with ferritin levels and transferrin saturation within normal ranges, where increased iron stores could hardly be suspected. Overall, our data suggest that iron depletion reduces hepatocellular necrosis, to the same extent as observed in randomized studies of drug treatment with insulin sensitizers, 38 where reduced ALT are also associated with decreased fibrosis in patients with NAFLD. Experimental models indicate that the mechanisms may involve the inhibition of oxidative stress-related damage, decreased apoptosis and an up-regulation of the intracellular pathways promoting survival in hepatocytes. 39 By decreasing hepatic iron stores, venesection is also expected to remove an obstacle to insulin extraction, thereby improving insulin resistance and decreasing the insulin-mediated suppression of hepatic glucose production, a mechanism intimately linked to steatosis in NAFLD. 39 Moreover, in vivo and in vitro experiments have recently related the effects of venesection to an interaction with retinol-binding protein-4 (RBP-4) on insulin-resistance-associated iron overload, 20 and RBP-4 is related to steatosis in a different model of liver injury. 40 All these mechanisms might also be operative in our cohort, where insulin sensitivity was normalized by venesection in a larger proportion of cases, compared with counselling alone. Importantly, given the different biological pathways and the various organs interested by iron accumulation, this therapy might increase the effects of other insulin sensitizing drugs in patients with NASH, such as metformin and glitazones. Venesection might thus represent a valid option both as adjuvant therapy and/or as alternative drug treatment in subjects unresponsive to insulinsensitizers.
Given the association of insulin-resistanceassociated hepatic iron overload and NAFLD independently of common mutations of the HFE gene, 41 venesection might be tested in settings where extensive analysis of HFE gene is not available, as there are several patients where the aetiology of iron overload remains largely undefined.
Finally, whereas venesection was more effective on liver enzymes, counselling alone produced a larger effect on BMI. Several pilot studies 9, 42, 43 and a randomized study 44 have shown that lifestyle interventions significantly reduce BMI and improve liver enzymes NAFLD, and recent data have confirmed that weight loss is associated with a better histological outcome. 44 We conclude that an integrated approach might now represent the best available option to NAFLD treatment.
The present study has limitations too. First, although all patients were managed in a similar way and the general protocol was agreed a priori, differences in case mix were present in the different centres. The Milan centre, where >70% of cases were observed, is a referral centre for familial haemochromatosis, thus accounting for the very high number of cases with alterations in iron metabolism/stores included in the final analysis. Secondly, the follow-up is quite short, whereas the natural history of NAFLD spans over decades, and no inference can be made on the long-term significance of our results on histological grounds. ALT levels have proven to be associated with disease severity in a few studies, particularly in obesity, where they enter the proposed algorithms for the assessment of advanced fibrosis, 45, 46 but in other NAFLD series liver enzymes were independent of histological severity. 12, 13 In conclusion, iron depletion by venesection favours the normalization of raised aminotransferases and insulin sensitivity in non-haemochromatosis patients with NAFLD unresponsive to lifestyle counselling, as established by a propensity score-adjusted retrospective analysis of a prospectively-collected large database. The procedure is well tolerated and may be more extensively proposed and investigated in the clinical setting.
